Abstract -we build the threshold-based state-dependent autoregressive jump intensity-GARCH model to study smooth fluctuations and jump changes of individual stocks listed in China. It makes the jump intensity not only driven by idiosyncratic factors, but impacted by external state variables. Comparing with the existing models, it boasts better goodness of fit and explanatory ability. It not only can more clearly describe the time variation, clustering and threshold-based state-dependence of jump changes as well as capture the asymmetry and clustering in normal volatility, but also can better illustrate the risk contagion between cross-shareholding companies.
I . Introduction
Since 1990s, China have been impacted greatly by the external and internal unexpected events, such as US financial crisis, Europeans debt crisis, snow disasters and earthquakes, which further intensify incompleteness and instability of their financial markets. Because of the increasingly obvious double features of normal fluctuation and jump change in financial asset return, it becomes more and more important to research and monitor the jump risk.
Actually, many studies had already paid attention to the jump changes in return of financial assets in 1970s. However, the shortcoming of these early jump-diffusion models is they assume the unchangeable jump intensity and frequency of jump process. Thus, the researches after them focused on relaxing the assumption of constant jump intensity, such as Bekaert and Gray(1998) , and Neely(1999) . They build external variables based intensity models, which make the jump intensity driven by some macro economic variables. Das(2002) use dummy variables to denote each day of the week to further analyze their effects on the intensity of jumps.
However, these models still can not explain the phenomenon of clustering in jump changes. Therefore, the recent researches have turned to emphasize time-varying and cross-period dependence of jump intensity. Johannes et al. (1999) builds a state-dependent model (SDJ), which takes the previous jump of the asset and the previous volatility of market index as the explanatory variables to explain the probability that jump occurs currently. Chan and Maheu(2002) proposes the ARJI-GARCH model to internalize the change of intensity, supposing the jump intensity follows a autoregression process. But this model also has limitation because it defines the jump intensity as a process driven wholly and only by internal idiosyncratic factors. Maheu and Mccurdy(2004) further discusses the effects of good, bad, normal and unusual news on the individual stock. Daal et al. (2007) takes previous volatility of market index into model as state-variable to study its effect on the present jump change in the rate of return of market index.
Overall, the studies above relatively better capture the jump feature of the stock assets to some extent, however, most of them only focus on the jump in macro financial market. A few of them, although paying attention to the micro financial assets, only analyze the internal mechanism of jump changes in disregard of the effect of external state variables.
While no one model captures these best, we develop the threshold based state-dependent, autoregressive jump intensity model (TSD-ARJI-GARCH) to describe both normal fluctuations and jump changes in the return of stocks and study the contagious effects of large fluctuations between cross-shareholding companies. It extends the existing models and improves their disadvantages of only considering the effect of external factors on jumps in individual stocks or only considering internal mechanisms of these jumps. It makes the jump intensity not only driven by idiosyncratic factors, but impacted by systematic or relevant state variables, and uses the threshold to measure the asymmetric effects of external factors.
II . Theoretical model and parameters estimation
The changes in price of stock are driven by unpredictable information flow, and the potential information flow includes "normal" and "abnormal" news, each of which has totally different effect on the rate of return. The diffusion of normal news causes the smooth fluctuation, which can be captured by diffusion process (Merton, 1976) . The impact of abnormal news induces the unexpected large change (called "jump" in Maheu and Mccurdy (2004) ), which can be described by nonhomogeneous Poisson process (Tang and Huang, 2010) .
Therefore, suppose the price of stock t S satisfy the stochastic-differential equation below on ( : ( 1) 
t N and t J are independent with each other, so according to the theorem of stochastic-exponential (Klebaner, 2005) , the Eq. (1) has the only closed form solution as follows:
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where t is an integer and
denotes the residual that the rate of return deviates from the conditional mean;
, is a dummy variable. 
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where t is an integer and 2 t  ; 0  , a constant, denotes the unchangeable part in conditional jump intensity. 
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represents the one-period lag conditional intensity, which is the ex-ante forecast on the jump at time 1 t  based on the set of information at 2 t  .
is the term of error calibration. 
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by the formula below, is the ex-post probability that k jumps occur in ( 2, 1) tt  based on the set of information
where () f  denotes the conditional probability density function.
represents the ex-ante probability that k jumps occur on ( 
C . Estimation of Parameters
We use the method of maximum likelihood estimation to estimate the parameters in TSD-ARJI-GARCH model (2) , (3) and (4) . Suppose the conditional PDF of the rate of return, Using the total probability formula, we have Combining (7) with (8), we have (9) Now taking (9) into (6), we can get the expression of log likelihood function. When estimating parameters, we neglect the probability that 10 t N  in all calculations linked with the unlimited sum, because the probability that 10 t N  is small enough to be ignored. In addition, the initial value is set as 10   , 2 10   when we use the iteration procedure to estimate the model.
III. EMPIRICAL RESEARCHES

A . Data
All stocks we choose must meet the following conditions: (a) the sample company must have already completed the shareholding system reform and issues stocks only in China's A Share Market; (b) the ST company was imposed special treatment only in 2009 and has at least 6 years daily data before 2009; (c) the non-ST company must have historical daily exchange data since 2003 and is not specially treated in sample period. (d) in order to analyze the effect of shareholding company on share-held company, the share holding pattern must be single-directional holding and the ratio of holding is larger than or equal to 15% in sample period; (e) only collect the obtainable daily closing price and neglect the short-time trade suspension. But if the suspension time is too long to induce the abnormal jump, we will delete the daily rate of return on the very day of resuming trade to eliminate this effect.
In empirical research, we randomly choose 22 qualified companies, including 6 ST companies, 6 non-ST companies in the same sectors and 10 cross-shareholding companies (5 shareholding companies and 5 share-held companies respectively). Because the dividends paid by the company also cause the jump in stock price, we use recovered price data to eliminate this kind of jump.
B . Estimation results and models comparison
By using the sample data, we estimate three models respectively, including ARJI (Autoregressive Jump Intensity Model, and here 3 0   , 1
  ) and TSD-ARJI-GARCH Model, and evaluate their goodness of fit according to LR Test and AIC. The estimation results are shown in Table 1 .
When estimating TSD-ARJI-GARCH Model, we choose the volatility of stock market (represented by the absolute value of the return rate of China's A Share Market Index) as state variable to capture the systematic effect of the market on the individual jump, and choose the volatility of cross-holding companies (represented by the absolute value of their rates of return) as state variable to capture the contagious effect between the closely linked companies. The Maximum Likelihood (ML) estimated values and LR Testing (H0: 3 0   ) results for some companies are listed in Table I . (1) Between ARJI and ARJI-GARCH, most of the sample data reject ARJI significantly at the level of 10%. This proves that the combination of GARCH and diffusion-jump model with changeable intensity helps to improve the model's goodness of fit; (2) in all models, the Log-Likelihood value of TSD-ARJI-GARCH is the largest, and its AIC value is the smallest. After using LR testing method to choose among the TSD-ARJI-GARCH, ARJI-GARCH and ARJI, we also find almost all the sample stocks data reject ARJI-GARCH and ARJI significantly at the level of 5-10%. In this sense, individual jump intensity is not only affected by the internal idiosyncratic factors, but also adjusts with the change of external state variables; (3) When we estimate TSD-ARJI-GARCH model by the data from cross-holding companies, we choose the fluctuation of market index (capturing the systematic effect) and the fluctuation of share-holding company (capturing the contagious effect) as external state variable respectively. From the estimation results, we find, for "share-held company", the model with the contagious effect boasts larger log-likelihood value and smaller AIC value; but for "share-holding company", the model with the systematic effect boasts larger log-likelihood value and smaller AIC value. This suggests that the contagious effect between cross-holding companies may be single-directional contagion, i.e. the larger fluctuation of share-holding company induce an obvious response from share-held company, but the opposite directional contagious effect is insignificant.
IV. Conclusions
We develop TSD-ARJI-GARCH model to capture the jump behavior of the return of individual stock and pay special attention to the contagious effects of large fluctuations between cross-shareholding companies. From our research, we find the jump intensity of individual stock is driven by idiosyncratic factors and thus show the features of time variation, clustering and cross-period dependence on one hand, and it also adjusts its own change process constantly under the impact of external state variables on the other hand. In addition, the effect of external state variable on the jump intensity of individual stock is dependent on the particular threshold value, so it is also called the threshold-based effect in this paper. Comparing with the existing models, TSD-ARJI-GARCH model boasts better goodness of fit and explanatory ability. It comprehensively considers the timely effect of external and internal factors on individual jumps. Our research can help investors and managers to more comprehensively study the jump features in the return of individual assets in China's stock market.
